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By J o s e f  Taub 

Nota t ion  

en largement  f a c t o r  f o r  t h e  weight  o f  
t h e  seaplane .  

. .  
U 

UK enlargement  f a c t o r  f o r  t h e  l i n e a r  d i -  
n e n s i o n s .  

b / s )  c r i t i c a l  s t a r t i n g  speed.  

s t a r t i n g  speed. 

“ c r i t  

v s t a r t  (m/s) 

b / s )  l a n d i n g  speed. ‘ 

B 

v 

G 

I! 

A 

P 

I? 

C 

a n g l e  at aDproach of s e a p l a n e  on sur- 
f a c e  o f  w a t o r .  

( m / s )  = v Z a  s ix ,  p .  

(kd g r o s s  weight .  

( ~ r g  s ” / m )  soap1ino  mass. 

l i f t  (wi th  s u b s c r i p t  2 f o r  a i r ;  
wi thoxt  i t ,  f o r  w a t e r ) .  

(kg s2/rn3)  d e n s i t y  (with s u b s c r i p t  1 f o r  a i r ;  
. wi thou t  i t ,  f o r  m a t e r ) .  

(n”) wing area. 

c o e f f i c i e n t  o f  dynamic ma te r  l i f t .  

c o e f f i c i e n t  of wing l i f t .  ,‘a 
. .  I I  . 

* “ B e i t r a g  zur Z’ragq d e r  ~ e l a s t u n g s a n n z h m e n  f u r  de: Land- 
u n g s s t o s s  von .Sce f l~gzeugen .11  
t e c h n i k  und X o t o r l - a f t s c h i f f a h r t ,  J u l y  28 ,  1 9 3 1 ,  pp. 433-  
442, 

From Z e i t s c h r i f t  f u r  F lug-  



2 , X . A . C . A . ,  Techn ica l  Ibemoraadam No. 643 

. .  . .  Idw 
p J = -  

I; r 
2 

i 
r2  + i Xr = 14 (kg s2/m) r educed  s e a p l a n e  mass w i t h  r e -  

s p e c t  t o  t h e  l a t e r a l  axis .  

i (m) r a d i u s  o f  i n e r t i a  o f  s eap lane  
about  t h e  l a t e r a l  a x i s .  

v e r t i c a l  d i s t a n c e  o f  f o r c e  of 
im2act  f r o m  t h e  l a t e r a l  a x i s .  

- - -  
Idr,  i ,  r t h e  c o r r e s p o n d i n g  v a l u e s  w i t h  

r e s p e c t  t o -  t h e  l o n g i t u d i n a l  
s e a p l a n e  a x i s .  

of water  moved xpon impac t ,  
a c c o r d i x g  t o  P a b s t . *  

a (4 l e n g t h  o f  b o t t o m  i n 2 r e s s e d  upon 
impact .  

b (4 w i d t h  o f  b o t t o m  impressed  q o n  
impact  

(4 w i d t h  o f  f l o a t  et s t e p .  b s t  

k = P/ f  (kg /d e l a s t i c i t y  o f  members s t r e s s e d  
by impac t .  

f (m) d e f l e c t i o n  o f  members under  in- 
p a c t  s t r e s s .  

P (W impact  ( f o r c e ) .  

*tV. P a b s t ,  Theory o f  t'ne Landixg Impact o f  S e a p l a n e s .  
Z.F.X., V o l .  21 ,  Xo, 9 ,  ;Jay 1 4 ,  1 9 3 0 ,  pp. 217-225; and No. 
1 6 ,  p .  418 .  i?.A.C.A. Tech:iical kienorandun ;To. 580, 1930.  
Y. P a b s t ,  Landing Impact  of S e a p l a n e s .  Z . T . X . ,  Vole 2 2 ,  

Yo. 1 ,  Jan, 1 4 ,  1 9 3 1 ,  pp,  13-28. N . A . C . A .  T e c h n i c a l  Memo- 
randum Eo. 6 2 4 ,  1 9 3 1 .  
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n imp a c t  f a c t  o r  . 
3 

Y k e e l  a n g l e  ( i . e . ,  a n g l e  formed by i n t e r -  
s e c t i o n  of bottqm s u r f a c e s  w i t h  one an- 
o t h e r )  

Index a des . igna tos  t h e  v a l u e s  w i t h  r e s p e c t  t o  a 
s e a p l a n e  o f  a - f o l d  s i z e .  Index L and index  R ,  r e s p e c t i u e -  
l y ,  deno te  t h e  v a l u e s  acco rd ing  to. L a n c h e s t e r ' s  and Xohr -  
b a c h ' s  cnlargement  method, r e s p e c t i v e l y .  Indexes  e and d 
deno te  t h e  r o s p o c t i v o  v a l u e s  f o r  s i n g l e  and doublo  f l o a t  
a r rangements .  The l i n e  over  t h e  v a r i o u s  l e t t e r s  r e f e r s  t o  
t ho  c a s e  of one s i d e d - l a n d i n g  of  a t w i n - f l o a t  s eap lane  
(significance of I&,  i ,  r seen  abovo). 

The impact  i n  dopondonco of s i z e  of t h e  s e a p l a n e  can 
b o  d.efinod whon t h e  e f f e c t  of t h o  v a r i o u s  q u a n t i t i e s  on 
t h e  im?act ,  and t h e  changes  i n  t h e s e  q u a n t i t i e s  by e n l a r g e -  
mont o f  t h e  s o a p l a n e s  a r e  known. 

B u t  i t  i s  an a d m i t t o d  f a c t  t h a t  t h o  scaD1ane can be 
on la rgod  i n  v a r i o u s  ways,  s o  t h a t  o n l y  t h o  change of some 
q u a n t i t i e s  r o a l l y  i s  unanbiguous ly  a f f e c t e d  by t h e  en- 
l a r g e m e n t ,  whereas  t h e  change of  o t h e r  q u a n t i t i e s  i s  a l s o  
i n f l u e 2 c e d  by the method o f  en la rgement .  If t h e  impact 
f o r m u l a  i n c l u d e s  t h e  l a t t e r  q u a n t i t i e s  t h e  impact  f a c t o r  
camlot  summarily be g i v e n  a s  f u n c t i o n  o f  t h e  s e a p l a n e  
s i z e ,  but r a t h e r  n u s t  embrace t h e  t y p e  of en la rgement  as  
w e l l .  

Le t  t h e ' w e i g h t  G of h . 3 . n < e  seap lane  b e  a t i m e s  
g r e a t e r  t h a n  that  o f  a si-.i-:. ~ ~ ~ , ~ ~ j . a n e .  By t h e  en largement  
t h e  l i n e a r  wing d i n e n s i o n s  of t i l e  small  s e a p l a n e  a r e  t o  b e  
m u l t i p l i e d  327 aK. 

. I n  t h a t  c a s e :  

t i le  wing a r e a  changes  by azK 
It s u r f a c e  l o a d i n 5  by a l - 2 K  

I' s t a r t i n g  and l a n d i n g  -1- - K. 
. 

speed  by a2 
. . .  1 

The c h o i c e  a€ K. d e f i n e s  t h e  typo  o f  the .  wing e n l a r g e -  
m e a t .  



The cl.-oice i n  f l o a t  d imhas ions  i s  c o n t i n g e n t  upon tLe 
c o n d i t i o n s  at s t a r t i n g ,  wkich i n c l u d e  t h e  a t t i t u d e  p r i o r  
t o  and d u r i n g  p l a n i n g .  

P l a n i n g  b e g i n s  m i t h  5tL.e "hump speed,I1 at which t h e  
float " r i s e s  t o  t k e  s t e p . "  I n  t h i s  a t t i t u d e  t h e  s t a t i c  
l i f t  o f  t h e  mater  i s  e v a n e s c a n t l y  s m a l l ;  t h e  t o t a l  weight  
G i s  bo rne  b-J t h e  dgnamic l i f t  A of t h e  w a t e r  sild Sy 
tLe l i T t  of t h e  aoTodynamic f o r c e s  A t .  As a r e s u l t ,  t h e  
$u:n o f  b o t h  must be a t imes  g r e a t e r  f o r  t h e  l a r g e  t h a n  
f o r  the s r L a l l  s e a p l a n e .  

Ragner* d e f i n e s  l i f t  A at hunp speed as 

A = c  

l i o v  t he  r a t i o  Vcrit i s  known t o  be f a i r l y  con- 
Vs tar t  

stazit, S O  t h a t  i t  may be assuxed  t9at v c r i t ,  l i k e  
-I,K 

c2asp;es witk a2 . F changes wit11 cZK, hence  Vs ta r t*  
A 2  ckanges w i t h  a. Consequent ly ,  t h e  sxm o f .  A and A 2  
caii o n l y  'become ' a  t i r n o s  g r e a t e r  t h a n  i n  t h o  small sea- 
p l a n e  mbcn t h e  d y n a n i c  l i f t  o f  t h s  ma te r  a l s o  i n c r e a s e s  
w i t h  a. This h a ~ ~ e n s  niicn c bZst changes  w i t h  a2K. 
Assu:Aii:g t h e t  t h e  c o c f f i c i c n t  o f  t h e  dynan ic  l i f t  of n a t c r  
c r c n a i n s  xmc'nangcd by t h e  e n l a r g e m e n t ,  the  w e t t e d  l c i l g t h  
aiid n i d t h  of t h e  f l o a t  must change w i t h  a . rc 

T h i l c  a c c e l e r a t i n g  t o  :iura2 spced t h o  gross weight  o f  
t h e  scaq lano  i s  $orno by the c o n t i n u o u s l y  d e c r e a s i n g  w a -  
t c r  l i f t  and by t h o  c o n t i n u o u s l y  i n c r o s s i n g  dyiinnic l i f t  of 
t h o  m a t o r  and o f  t h o  a i r .  A change i n  l c n e t h  and nid th  
n i t h  aK t hen  i s  f o l l o w e d  by a n  alLaK. f o l d  g r e a t e r  i m -  
inersion d e p t h  i r -  t h e  r e s t  a t t i t u d e  t h z a  i n  t h e  small sea-  
p l z n e .  For  K = 1 t h e  i n n e r s i o n  dep th  thxs l i k e w i s e  
changes w i t h  = a* and t h e  f o r m  o f  tire & i s p l a c e d  m a t e r  
o b j e c t  by i n c r e a s e d  s l z e  i s  g e o n e t r i c a l l g  s i i i l a r  t o  t h a t  of  

*€I. !7at;iler, The Landin;; of S e a 2 l z r - e ~ .  Z.Y.;;., V o l .  22 ,  30. 
1, Jan. 1 4 ,  1 9 3 1 ,  pp.  1-8. iT.A, c . A .  T e c h n i c a l  i,iencrandum 
iTo. 6 2 2 ,  1 9 3 1 .  
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' .  

o r i e i n a l  s i z e .  For  1 K K -= < t 'nis i 9 , p r a c t i c a l l y  t h e  
on ly  zone as f a r  as 
changes  m o r e  s lowly  t h a n  n i d t h  a K i  The consequence i s  
t h a t  t h e  d r a g  p r e c e d i n g  huinp s p e d  Secomcs l o n o r  s o  that  
t h o  l a r g e  seap lane  r e a c h c s  t h o  f.ul1 p l a n i n g  a t t i t b d  
than  t h e  small  s e a b l a n o ,  According t o  t h i s  t h e  s t i p u l a -  
t i o n s  o f  t h e  n t t i t u d o  procedi ; ig  huxp specd are no t  c o n t r a -  
d i c t o r y  t o  t hoso  o f  t h e  p l a n i n g  a t t i t u d e ,  conformably.  t o  
nlzich ai i .cxlargomont  o f  l e n g t h  and n i d t h  o f  f i o n t  n i t h  aK 
'.77as n o t  deemed n e c e s s a r y .  

K i s  concerned; .  t h e  immersion d e p t h  

'Ifon i t  becones r e a d i l y  a p p a r e x t  that t h e  en largement  
of f l o a t  l e n g t h  and w i d t h  must as a ru l e  be. made w i t h  t h e  
sc?,'ne e n l a r g e n e s t  f a c t o r  as t,he l i n e a r  wing d imens ions .  
Tlze sz;Aie p r e s c r i b e d  t y p e  o f  wing e n l a r g e n e n t  i s  g e n e r a l l y  
aL7glied t o  tile f l o a t .  a l s o .  i n  t h e  f o l l o w i n g ,  we s h a l l  c a l l  
terlo r- G 317.e f l o a t  o r  b o a t  l o a d i n g  c o r r e s p o n d i n g  i n  i t s  

b s t  
aiialogjr %.J t h e  t e r n  f o r  wing l o a d i n g . ,  hence t h e  v a r i a t i o p  
f a c t o r s  f o r  t h e  b o a t  ( f l o a t )  l o a d i n g  and t h e  wing l o a d i n g  
a r e ,  i n  g e n e r a l ,  eqtlal  t o .  one a n o t k e r .  

T l i s  p o s t u l a t e ,  which, o f  c o u r s e ,  ' i s  n o t  t o  be t a k e n  
as a s t r i c t '  d e s i g n  s p e c i f i c a t i o n ,  p r e s u n e s  ae rodynamica l ly  
eq- t - ivalent  s e a p l a n e s ,  i .e. ,  e q u i v a l e n t  p o l a r s .  I n  t h i s  
s e c s e ,  t w o  s e a p l a n e s  may be i n t e r p r e t e d  as ae rodynamica l ly  
e q u i v a l e n t  eve2 i f  one ,  t o  lower i t s  get-away speed ,  r e -  
s o r t s  t o  a s p e c i a l  arrangement  ( s l o t t e d  wings ,  f o r  i n -  
s t a n c e ) ,  w h o s e  u s e ,  homever, i s  c o n f i n e d  t o  t h e  immediate 
stctge S o f o r e  get-away. I t  n a t u r a l l y  i n c l u d e s  a l s o  such 
c a s c s  i;l a h i c h  one o r  the o t h e r  o f  t h c  comparative sca- 
p l a n e s  i s  eqa ipped  w i t h  s t a r t i n g  a i d s  ( towing  p l a n e s ,  
r o c k e t s ,  e t c . )  which a e r e l y  s c r v c  t c  i n c r e a s e  t h e  t r a c t i o n  
mi tkou t  i n f r i x g i n g  on t'nc got-eway speed i t s e l f .  

Coasequent ly ,  f a c t o r  K i s  c h a r a c t e r i s t i c  f o r  t h e  
ty2e  of  Ring acd f l o a t  en largement ,  a2d i t  d e f i n e s ,  as a 
r u l e ,  n o t  on ly  t h e  change i n  l i n e a r  d i n e n s i o n s  but a l s o  
t h e  chaxge i n  s t a r t i n g  and l a n d i n g  speed,  as p o i n t e d  o u t  
p r s v i o a s l y .  Xov, i f  t:ic choice  of  K d e c i d e s  t h e  l a n d i n g  
speed ,  t h e  same can  be s i i b s t i t u t e d  by a f u n c t i o n  o f .  a and 
K i n  t l ie foraula  T o r  t h e  impact f a c t o r ,  which t h e n  in -  
c l u d e s ,  . a s i d e  f r o n  c o n s t e n t  q u a n t i t i e s ,  *a and K only .  
Of co i i r se ,  t h e  compara t ive  s e a p l a n e s  inlist be aerodynamica l -  
17 e q u i v a l e n t ,  They b o t h  mast have  d e v i c e s  f o r  l o n e r i n g  
t2.e l a n s i n g  speed ,  s cch  a s  s l o t t e d  wings,  if a t  a l l  a v a i l -  
a b l e .  I f  t i le l a r g e  seap lane  i s  equipped  w i t h  s l o t t e d  



a i n g s  and t h e  s m a l l  one i s  n o t ,  t n e n  o f  c o u r s e ,  t h e  l a n d -  
i n g  s2eod i s  n o t  mere ly  d-ependent on a and K, and i n  
t h i s  c a s e  t h e  l a n d i n g  speed uust be i n c l u d e d  i n  t h e  impact  
f o r n u l a .  . Bit t h e  l i n e a r  d i s lens ions  o f  t h e  f l o , a t s  chaiige 
i n  t h i s  case also a s  t h o s e  of t h e  wing. 

A11 t h e s e  r e f l e c t i o n s  z r e  e q u a l l y  v a l i d  i n  c a s e s  of  

> i n g ) ,  cxce2 t  t h a t  t h e  m o d i f i c a t i o n  f a c t o r s  a r c  e x p r c s s e d  
~ o d i z i c a t i o n  ic tLc s m a l l  s c z p l a n e  ( d i f f e r e n t  s u r f a c e  l o a d -  

as a- goner  of t h o  s x r f a c c  l o a d i c g  i n s t e a d  of a. 

B c c s 2 i t x l a t i n g ,  i t  nay 3c s t a t c d  t h a t  t h e  imTact f a c -  
t o r ,  -inG.ar c e r t a i n  c i r c u m s t a n c e s ,  can  a l s o  'oc a f f e c t e d  by 
t h e ,  typo o f  e n l a r g o n e n t  a s i d e  f r o m  t h c  s e a p l a n e  s i z e  aid 
t h e  l a n d i n g  speed. B u t  t h o  t y p c  o f  c n i a r g c a o n t  m o s t  gcn- 
c r n l l y  d c f i n c s  t L c  l a n d i n g  s~~ce i l .  a l s o ,  s o  t h a t  t h e  h o w l -  
c?.gc o f  s e n 2 l a n c  s i z c  and t D o  'of en la rgcment  i s  n o t  o n l y  
i c c c s s s r y  f o r  i n t c r p r o t i n g  t h e  i m p a c t ,  bu t  i n  r ros t  c a s e s  
i s  cvcii c o n n c n s x r s t c ,  2 3 ~  a e r o d y n a m i c a l l y  unequa l  e n l a r g e -  
ment t h e  im?act f o r n u l a  rnust embrace t h e  l a n d i n g  speed o r  
sorie o t h e r  a p p r o 3 r i a t e  q u a n t i t y .  

Ia t h e  f o l l o w i n g ,  me d i s c u s s  t h e s e  c o n s i d e r a t i o n s  on 
t h e  basfs  o f  Pabst1.s and  o f  'ulagner's f o r m u l a s :  

l a b s t  . d e r i v e s  

P = v J1.rtr,-w 
as maxiuum irupast f o r  f l a t - j o t  t o a  f l o a t s .  

3;r a - f o l d  e2 largemeut  o f  t k e  s e a y l a n e  t h e  l i n e a r  d i -  
mensioizs m e  t o  change w i t h  a K  on t h e  wing as w e l l  as  
o n  t h e  f l o a t s  conformably t o  o x r  p r e d i c a t e d .  ossum3tion.  

, The a c c e l e r a t e d  mater  mass il, depends on t h e  i n -  
p r e s s e d  l e n g t h  and w i d t h  of t h e  bottom. 
cliaiiges m i t h  aK, t h e  scpe canno t  3 s  suriimarily c la imed 
f o r  tho  l e n g t h .  35; eq-la1 f o r m  a n d  s i z e  o f  t 5 o  waves, i..e., 
e q m 1  seanay ,  t h o  Zcngtil d o o s  n o t  c:ie,-ngc. '29 a l l o w  fok. i t  
wo;.ild r a s - 2 l t  i n  a:i a b s t r u s c  dcpondence o f  I T  on t h e  en- 
l a r c e n e i i t ,  wliich w o c l c ~  f u r t i l e r  be ei ignented S p  t>e  f a c t  
that 4 i S t a n c e  r o f  t h e  i x - s c t  f o r c e  from t h e  C.G. O f  t h e  
s sap lane  v o u l d  no* l o n g e r  c>ange w i t h  aK by t h e  e n l a r g e -  
n e n t  an& c o n s c c p e x t l y ,  n e i t h e r  would ;,Ir change w i t h  a, 
if t h e  impacted l e n g t h  of t b e  sxa l l  s e a 2 l a n e  i s  ma in ta ined .  

Whereas t h e  w i d t h  



For  %'ne s&e of c l a r i t y ,  and s i n c e  i t  i s  p r i m a r i l y  a 
m a t t e r  o f  e x p l a i n i n g  fundamental  o b s e r v a t i o n s ,  i t  i s  as- 
sumed t h a t  t h e  impacted bottom l e n g t h  changes  l i k e  t h e  
o t h e r  l e n g t h s .  T h i s  ineans t h a t  g r e a t e r  waves (i .e. ,  sea-  
way) a r e  presumed f o r  t h e  l a r g e  s e z p l a n e  t 2 a n  f o r  the 
o the r .  As a r e s u l t  t'rie c o n s a r a t i v e  p l a n e s  a r e  n o t  whol ly  
eq -c iva l en t ;  t h e  l a r g o  sea2 lane  has a s t i p u l a t e d  g r e e t e r  
s s a v o r t h i n c s s  than  t h o  slnzll one. 

Zi is  s x F p o s i t i o n  l e a d s ,  s i n c e  Yb i s  p r o p o r t i o n a l  
n i t i  a volurne, t o  a water  volume which i n c r e s s e s  w i t h  
a3K. S i x c e  l,ir i n c r e a s e s  w i t h  a, IV changes  w i t h  
~ 3 ~ - - 1 ,  and the W v a l u e  o f  (2) f o r  t l c  l a r g e  s e a p l a n e  
Secorrics 

( Index  a r e f e r s  t o  t h e  l a r g o  seaplane . )  

The e l a s t i c i t y  k i n  (2) nay be e x p r e s s e d  by 

where E = e l a s t i c i t y  ~ o d u l z s ,  
CT = s t r e s s  upon impact ,  

and s = l e n g t h  o f  a member. 

E 2,nd CT do n o t  change by t h e  en la rgemen t ,  hence  B 
c h i i g e s ,  by s imilar  t o t a l  c o n s t r u c t i o n ,  l i k e  t h e  P / s  v a l -  
a e .  Value s changes  - having t h e  dimension o f  a l e n g t h  - 
v i t h  aK i n  f i r s t  approximat ion ,  TIIUS 

'3 

Ti le  l a n d i n ?  speed  q a  and w i t h  i t  t h e  v a l u e  v 
clmnges w i t h  a2wK a c c o r d i n g  t o  our c o n s i d e r a t i o n s ,  s t a t -  
e?- at the beg inn ing  o f  t h e  a3ove r e n z r k s .  

iTom t h e  f o r c e  o f  im9act o f  t h e  l a r g e  s e a p l a n e  i s  



F i 

. .  . 

l f w  = a -----I.- 
1 + a3- w 

Tile i s p a c t  f a c t o r  f o r  t h e  l a ree  seap lane  i s  r e v e a l e d  
by  t3:e r a t i o  o f  i n p a c t  f o r c e  t o  t o t a l  weight :  

~ 1 4 ,  i f  t h i s  s e a p l a n e  i s  equipped w i t h  some d-evice f o r  
cLni1gii1: i t s  12,Xdiiig s->eed o r  t i l e  v a l u e  v w i t h  r e s p e c t  
t o  t l . .~  cor respondinC v a l u e  of t h e  s u z l l  sear , lane ,  t h e  in-  
pa*ct i"o;-ce i s  

nhe re  vcI deno tes  t h e  v v a l u e  f o r  t i le e n l a r g o d  t n c .  

I:> t ' n i s  cLse tLe  impact f a c 5 o r  i s  
2 



4 

I n  a d c i t i o n ,  e q u a t i o n  ( 5 )  y i e l d s  

. .  
._ and f 

G i t h  (6)  and (8) w e  f i n d  f ron  (4) and ( 4 a ) :  

a i d  

There  

I 2 - 1  

. .  

I n  t l i e se  f o r i z u l a s - ,  n; p ,  v, and w a r e  
~ 

ues f o r  t h e  s ca l l  s e a ? l a n e ,  as g i v e n  o r  d e f i n e d  once f o r  
all $27 exper iment .  To d e f i z e  the i x p a c t  f a c t o r  f o r  a 
s t a t e d  seapla i ie  t h u s  r e q n i r e s  o n l y  t h e  a n l a r g e n e n t  f a c t o r  
n az3 t h e  s u r f a c e  l o a d i n g  p .  For s e a p l a n e s  w h o s e  l i f t  
c o e f f i c i e n t  at  l a n d i n g  d i f f e r s  f r o n  that of t h e  o r i g i n a l ,  
i t  f-s-rtLier r e q u i r e s  the l a d i n g  speed  (va, r e s p e c t i v e l y ) .  
T M s ,  komever, i s  p r a c t i c a l l y  c o n f i n e d  t o  s e a p l a a e s  
eq?rip3ed w i t h  s 3 e c i a l  d e v i c e s  f o r  l o w e r i n g  t h e  l a n d i n g  
s2eed. 

’ !?’.e K v a l u e  c h a r a c t e r i z i n g  t h e  type  of en la rgement  
can nom be chosen d i ’ f f e r e n t l y .  and t h o  Ring  l o a a i n g  

i’liz c r i t c r i o n ,  ‘ i n  t h e  first p l a c e ,  i s  the vir-g s t r e s s  i n  
?l i&t aad d u r i n g  l a n d i n g .  A s  the load‘ing . i n c r e a s e s , ‘  t h e  
l i n c a r  d imens ions  of t 3 e  wing beconc s m a l l e r  and consc- 
q u c n t l p  i t s  -~cig?iZt,  i n  s o  fa r  as t L i s  i s  c o n d i t i o n e d  by 
scJrcsses i n  f l i g l i t  . 

*a 

0:. t h e  o t h e r  h a a d ,  t’no h i g h e r  wing l o a d i n g  i s  g ivcn  
a l l n Z t  by t k e  h i g h e r  l a n d i n g  spccd i n v o l v e d  n i t h  i t .  
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Outs ide  o f  t h e  f a c t  that  th rough  i t  t h e  l a n d i n g  phase  nay  
become o f  marked s i g n i f  f cance  f o r  t h e  d imens ioning  of t h e  
winif, p a r t i c u l a r l y  i n  l a r g e  s e a p l a n e s  w i t h  a h o l e  o r  p a r t i a l  
l o a d  d i s t r i b u t i o n  ove r  t h e  span,  i t  r e s u l t s  i n  abnormal ly  
n e i g h t y  f l o a t s  o r  b o a t s .  . 

According t o  p a s t  e x p e r i e n c e s ,  t h e  lower  l i m i t  of wing 
l o a d  en largement  a p p e a r s  t o  f o l l o w  L a n c h e s t e r ' s *  - t h e  up- 
p e r ,  2ohrbach ' s**  t r p e  of enlargernont.  

According t o  Lanchos te r  t h e  enlargomont  i s  

t h e  l e n g t h s  change with a l l 2  

K = 5 ,  
h e a c e ,  

s u r f a c e s ,  w i t h  U 
s u r f a c e  l o a d i n g s ,  w i t h  ao = 1 

and s t a r t i n g  and l a n d i n g  s p e e d s ,  w i t h  ao = 1. 

According t o  Rohrbach, 

K = 113 and 
t h e  l e n g t h s  change w i t h  a 113 

a2 1 3  
11 s u r f a c e s ,  w i t h  
I t  s u r f a c o  l o a d i n g s ,  w i t h  a l l3 

and I t  l a n d i n g  s p e e d s ,  w i t h  al / 6 

L a n c h o s t o r t s  t y p e ,  acco rd ing  t o  (9)  and ( l o ) ,  y i o l d s :  

and Ro'nr3achl s 

n l f w  
1 / 2  

n =  
aL 1 + W U  

. 

------- - -----.-- -I--------- 

*?, T?, Lanchos te r  , The Dovolopment of t h e  X i l i t a r y  A i r -  
plane.; t h e  Q u o s t i o z  o f  t n o  Size. E n g i n e e r i n g ,  March 3, 
1 9 1 6 ,  p. 213. 
**A. Rohrbach, Tho Enlargomont of A i r p l a n e s .  Jahrbuch  d e r  
m . G . L o ,  1922 ,  p o  37. 



A s s u n e  t h e  Heinkel  938 used by P e b s t  i n  his s t u d i e s ,  
n s  t ho  s m a l l  s e a p l a n e ,  and f o r  v h i c h  he o3tc; ined (Z.?;::., 
-'ol. 31, 1930,  p. 2 2 3 ' ) :  

t7 = 0.15. 

t h i s  a s r y - x ~ ~ t i o n  f o r  v a r i o u s  a and p i o t t o d  i n  a i g u r e  1. 

35,sciL cp0-n F a b s t ' s  : o r r m I a  l o r  f l a t - b o t t o a  f l o a t s ,  i t  
i s  rc:>.c?ily q 2 a r c n t  t h a t  a s  f a r  2 s  rcduced  l a n d i n g  irnpF,ct 
i s  co;icoraeci - e s  e x p e c t e d  - L z n c h e s t c r ' s  t y p e  i s  p r c f e r -  

. -31e t o  Bohrbach ' s .  

T , j s t l s  f c r r !u l s  f o r  sharp-kee led  k o t t o m s  w i t h  c o n s t e n t  
'I?:'' d o n g  t k o  forebody g i v e s  t h e  f o r c e  o f  i q a c t  as 

1 v" co_._9" -T P = tar :  
2 (1 + m) 

w i t h  
-0. 2 2 7  c o  = 0.785 e 

327 a - f o l d  e n l a r g e n e x t ,  There t h o  l i n e a r  d imens ions  
i,re p...;.zin $ 0  c;ier?_ge : ~ i t h  a' T e  o b t a i n ,  bg- s imi l a r  con- 
s i c5e ra t ions  P S  > e r e t o f o r e  xi6 s i t h  t 3 e  f u r t h e r  n o t a t i o n  

Y z c1 = co F t a n  

I .  
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o r ,  i f  d i f f e r e n t  l i f t  c o e f f i c i e n t s  a r e  d e c i s i v e  f o r  t h e  
laildiilg speed of t h e  compared s e a ? l a n e s ,  t h e  more g e n e r a l  
f o r n u l a s  : 

and 

P 
Pa 

E q r e s s i n g  K a g a i n  by -, formulas (15) and (15a)  
r e v e a l  : 

and I 1 

(1 sa) 

where C i s  d e f i n e d  by (10). 

The impact f a c t o r  i n c r e a s e s  i n  t h i s  c a s e  a l so  when 
t h e  s u r f a c e  l o a d i n g  i n c r e a s e s ,  a c c o r d i n g  t o  ( 1 6 ) ,  (16a) , 
and (19). Consequent ly ,  t h e  wing weight  r e s u l t i n g  f r o m  
t h o  l a n d i n g  c a s e  w i l l  under  c e r t a i n  c i r c u m s t a n c e s  a l s o  i n -  
c r e e s e  w i t h  t h e  s u r f a c e  l o a d i n g ,  s o  t h a t  t h o  c o n d i t i o l l s  o f  
l a n d i n g  impose a l i m i t a t i o n  i n  r e s p e c t  t o  t h o  i n c r e a s o  i n  
f a v o r a b l e  s u r f a c e  l o a d i n g .  The a p p r o p r i a t o  l o a d i n g  dsponds  
011 t h o  shape o f  t h o  mine;, l o n d  d i s t r i b u t i o n ,  o t c .  I t s  se- 
l e c t i o n  i s  a pro3lcm by i t s o l f  and o u t s i d o  t h o  scopo o f  
t h i s  p s p e r *  

'(Ve a g a i n  c o n f i n e  o u r s e l v e s  t o  t h c  s t u d y  of  t h o  con- 
d i t i o n s  i n  t h o  c a s e s  o f  L a n c h c s t c r f s  and Rohrbach ' s  t ypo  
Of onlnrgomcnt.  According t o  (16)  and ( l o ) ,  L a n c h o s t o r ' s  
method y i o l d s  
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and Rohrbach l s  method y i e l d s  

o r ,  a c c o r d i n g  t o  (16a) and ( l o ) ,  the  g e n e r a l  fo rmula  

and 

13 

n 
Again we assume w = 0.15 and compute - and n n - aR a c c o r d i n g  t o  (17) and (18 ) ,  as i l l u s t r a t e d  i n  F i g u r e  2. n 
Bere  L a n c h e s t e r ' s  type co r re sponds  t o  a much q u i c k e r  

drop i n  l o a d  f a c t o r  t h a n  for t h e  same type  w i t h  f l a t  b o t -  
t o n s .  

magnor*s  f o r m u l a  f o r  s t r a i g h t  IrV" b o t t o m s  and con- 
s t a n t  k e e l  a n g l e  a l o n g  t h e  fo rebody  g i v e s  the impact  f o r c e  
as 

where 

B r  a - f o l d  en largement  o f  t h e  o r i g i n a l  s i z e ,  where 
t h e  , l i n e a r  d imens ions  a g a i n  a r e  t o  change with kK, we 
have  

Pa = 0, a1-2K v2 Jz = 

3 ( 1 - K j  
P 2 = a  

*T;lagaer*s symbols changed t o  conform t o  our n o t a t i o n s .  
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and 

o r ,  i f  d i f f e r e n t  l i f t  c o e f f i c i e n t s  a r e  d e c i s i v e  f o r  t h e  
l a n d i n g  speed o f  t h e  compared sizes, t h e  nore  g e n e r a l  
f o r  aul a s : 

and 

Asain we i n t r o d u c o  t h o  s u r f a c e  l o a d i n g s  s o  tha t  
(21) cnd ( 2 1 a ) ,  r c s p o c t i v c l y ,  y i o l d :  

- fig- 
and 

c 

%ne impact f a c t o r  i n c r e a s e s  w i t h  t h e  s u r f a c e  l o a d i n g  
s o  t h a t  t h e  s t a t e m e n t s  made r e l a t i v e  t o  accord ing  t o  (22 )  

(15) a r e  a p p l i c a b l e  t o  t h i s  c a s e  a l s o .  

F o r  Lanc l ses t e r ' s  en l a rgemen t ,  (22) y i e l d s  

o r ,  co i~ fo rmab lp  t o  (22.3) , t h e  g e n e r a 1  f o r m u l a s ,  
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. 

"L n n 
In Tig-are 3 t h e  . - a' ani! - y a l u e s  were c o q u t e d -  f r o m  n n 
( 2 3 )  a115 (24)  T o r  v a r i o u s  a . 

A s  p r e v i o u s l y  p o i s t e d  o u t ,  t l le seamay i n  t'ne impact  
i o r m c l a s  i s  z h a r a c t e r i z e d  b;. t h e  l e c g t h  a. H i t h e r t o  we 
s t i p u l a t e d  t h a t  l e n g t h  a i n c r o a s c s  w i t h  t h e  s i z e  o f  t h  
s e a p l a n e  and i n  tho  same rieasuro 2 s  t h o  o t h e r  l i n e z r  d i -  
.miis ions,  vhic 'a mas ver>- Tor tuna to  when a p g l f c d  t o  P a j s t t s  
i 'ornula.  But t'nis r e d u c t i o n  is s u p c r f l u o u s ,  o r  n c z r l y  s o ,  
i n  xc.ny c a s o s ,  n i t h  Yagncrt s fo rmula ,  v i t h o u t  d o t r a c t i n g  
from t i c  s i m p l i c i t y  of  t h e  r o s u l t s .  Thus, i n  o r d e r  t o  50 
a b l e  t o  f o l l o w  t h o  c i f e c t  o f  t h o  seamay i n  one c a s e  at 
l c c ? s t ,  n o  m p 1 j  T7ngner's f o r n u l a  t o  a, l c n g t h  a, which i s  
n o t  c:::mged by t h c  onlargeincnt.  Jc s o l o l y  c o n s i d e r  t h e  
c z s c  o f  c o u t r i c  i m p a s t ,  i .e . ,  t h e  c a s e s  where r = 0 ?,:id 
co i2seqae l t l y ,  ;,I, = 'id. In  t h i s  c a s e  t h e  in-cact f o r m u l a  

~ * 
i s  n o t  E o d i f i e d  save Y o r  
though t h e  change i n  t ' n e  
o f  en la rgement .  Now t h e  
t c r  reads as  ' 

n i t h  L p n c 4 e s t e r ' s  t y p e  as 

and Bohrbach ' s ,  

t h e  s 2 e e 0  and t h e  Lass i i r ,  a l -  
l a t t e r  i s  i ndependen t  of t h e  t y p e  
g e n e r a l  f o r : m l a  f o r  tLe  load f a c -  

n n -  aR - - p T  

A compcrison o f  (26)  and  (27)  w i t h  (23) and (24) 
r e v e a l s ,  ELS exTected ,  a markedl:. f a s t e r  d e c r e a s e  i n  l o a d  
f c c t o r s  as : h e  s i z e  i n c r c a s c s  tLen i n  tho  _nrcvious assrmp- 
tion, rThex s t i p u l a t i z g  t h o  sane sca.ma:.r. 

L a s t l y ,  m e  add, that  (25) w i t h  CI = 1 r e p r e s e n t s  tLe  
impact and t h e  load f a c t o r ,  r e s ? e c t i v e l y ,  f o r  t i e  ca se  
when ckang iag   fro^ t h e  o r i g i n a l  s i z e  3 0  a n o t h e r  o f  t h e  
s m e  s i z e  b u t  d j l f e r e n t  l a n d i n g  speed. P a b s t l s  f o r m u l r s  

* S i n c e  by t h e  3oiirbach ncthod t h e  irn2acted w i d t h  o f  t h e  
b o t t o m  s Z r t a i n i 3 g  t o  ;aiaxinuE impcct  i n c r e a s c s  more r a p i d - ,  
lg than t h e  ful?, w i d t h  o f  tiic f l o a t  b o t t o m ,  (27)  r o x a i n s  
v a l i d  O i l l y  s o  1 0 x 1 ~  as i t s  co r rc spond ing  i q a c t c d  bottom 
a i d t h  d o e s  no t  excczd t h o  full n i d t h  of t h c  f l o a t  b o t t o m ,  

- --- .--I__-------_I_--_-- - -- - - . - - - - 
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do i l o t  'oring out t h e  e f f e c t  o f  t l i i s  chazge q u i t e  s o  c l e a r -  
l y ,  'Jeczcse a change i n  l m d - i n g  speeC i s  f o l l o w e d ,  accord-  
ii1g t o  our r e f l e c t i o n s ,  's: a change i n  f l o a t  w i r l t h  b , t ,  
n h e r e a s  t h e  i n p a c t e d  l e n g t h  a r e i e i n s  t h e  same conform- 
a b l y  t o  t h e  unchanged s e a r a y ;  t h e  co  and w v a l u e s  i n  
t 3 e  is-pzxt f o r d u l a  change ,  as a r e s u l t ,  i n  compl i ca t ed  
X2ilEer. 

111 a c c o r d  w i t h  t l ie d e s i g n  s p e c i f i c a t i o n s  i n  f-orce a t  
t i e  p r e s e n t  t i n e ,  the sum of t h e  impact  f o r c e s  on b o t h  
f l o a t s  o f  a t w i n - f l o a t  , seaplane  must be e q u a t e d  w i t h  t h e  
ixpF,ct f o r c e  on t h e  h u l l  o f  a f l y i n g  b o a t  of t h e  same 
rieiC;iit nad l a n d i n g  speed ,  a l t i iough . the  a c t u a l  c o n d i t i o n s  
a r e  q?J-ite oZten t o  t h e  c o x t r a r y .  

L e t  s-ilbsci-ipt e r e p r e s e n t  t'iie. r e s p e c t i v e  q u a n t i t i e s  
of t h e  f l y i n g  boa t  r n d  d t h o s e  o f  t h e  t w i n - f l o a t  sea-  
p l m e ,  s o  t ha t  t &  Cynamic l i f t  a t  c r i t i c a l  s t a r t i n g  s p e e d ,  
a c c o r d i n g  t o  ( I )  becomes: 

37 e q u e l  meigiit and equa l  s t a r t i n g  spzed A e  = Ad 
a:& a 2 n r o x i z a t e l y  v c r i t e  - - v c r i t d ,  s o  that  a c c o r d i n g  
t o  (28) e n d  (28a) 

T I ~ L  c- imging  f r o =  t k e  s i n g l e  t o  t 3 e  t w i n - f l o a t  t y p e  
t h e  ste;; wid311 aust 3e  reduced  a c c ~ r d i n g  t o  L a n c h e s t e r ' s  
x e t k o d ,  i * e . ,  t i le f i o a t  l o a d i n g  m u s t  >e r e t a i n e d .  

Nan t h e  impact f o r c e s  can be computed f o r  b o t h  ar- 
rangeme:?ts f r o m  t k e  , d i v e r s  impact  for rau las  w i t h ,  of  c o u r s e ,  
bile sc'mc seariay, The s e a  i s  e x p r e s s e d  by t h e  i x p a c t e d  
-0o:ton l e n g t i  a ,  and must n o t  -de changed i n  t h e  t m o  ai-- 
rziigeraeilt S ,  

.L- 

Assuming t h e  c l i s t ance  o f  t h e  s t e p  f r o m  t h e  C.G. i n  
s i i l g l e  a d  t n i n - f l o a t  t y p e s  t o  5 e  t h e  same* d i s t a n c e  1- 
an2 consequen t ly  Mr w i l l  30 t h e  same f o r  b o t h  t y p e s .  

*Tp'nis assumption - n i t l i o u t  which,  i t  nou ld  -de i m p o s s i b l e  
t o  make any g e n e r a l  s t u d y  - i s  p r o 5 a b l y  alii'ays COnplio3- 
vit% as t o  h c i g h t  i n  t i l e  c a s e  o f  e q u a l  mass d i s t r i b u t i o n .  

I---..-- ------ - ---. - --__.- - --  ---- --.-- 
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S i n c c ,  acco rd ing  t o  t h c  p rocod ing  s t a t e m e n t ,  t h o  i m -  
p a c t  f a c t o r s  i n c r e a s e  by a r o h u c t i o n  conformably t o  Lan- 
c h e s t e r r s  method, and s i r ,co ,  i n  a d d i t i o n ,  t h c  impacted 
l e n g t h  i s  no t .  reduced  i n  t h c  p r o s e n t  c a s e ,  b u t  remains  
c o n s t a n t ,  i t  i s  t o  bo  expcc tod  t h a t  t h c  impact  on b o t h  
f l o a t s  o f  a t w i n - f l o a t  typo i s  p r o b a b l y  h i g h e r  t h a n  t h a t  
O i l  t he  co r rc spond ing  f l y i n g  ' soat ,  , This  i n f c r o n c c  i s  f zn -  
da:.ientally c o n f i r n o d  bg F a b s t ' s  and b j  Wagnor' E i n p a c t  
f o r r x l a s ,  a l t hough  t h o  r o s u l t s ,  i n d i v i d u a l l y ,  a r c  open t o  
s u s p i  c i  on. 

This b r i n g s  us  t o  P a b s t f s  f o r m u l a  f o r  f l a t  b o t t o m s .  
7 c  Sog in  by computing and qd f o r  v a r i o u s  p r a c t i c a l -  

F o r  t h e  s i n g l e  f l o a t  type :  

-m 2 o r  one f l o a t  of  a t w i n - f l o a t  tyTe,  we have ,  w i t h  
gards ( 2 9 )  

hence  for 
a - 1  be - 5  

r e -  
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for a - -  - 1: 

n~ a4 a' 
MWd = ,-- - (0.707 - 0.425 -)= 

8 J3" 3 a2 

a - = 4: 
be 

- rrp 0.029 a' = 0.53 M w e .  - 8  

ne  g e n e r a l l y  p u t :  

Regard ing  t h e  change i n  e l a s t i c i t y  k m h i l e  cllanging 
f r o i n  s i n g l e  t o  t w i n - f l o a t  t y p e ,  v a r i o u s  a s s u m p t i o n s  a r e  
p o s s i b l e .  Te siiypose t h a t  b o t h  t y p e s  merelzr d i f f e r  i n  t h e  
nlimber o f  t h e i r  f l o a t s  f r o r n  one a n o t h e r .  Assuming e q u a l  
s t r e s s e s ,  t h e  f i r s t  aTproximat ion  t h e n  y i e l d s  equa l  de- 
f l e c t i o n s  I". The v a l u o  k = p / f  t h e n  i s  p r o p o r t i o n a l  t o  



t h e  in?;r,nct f o r c e s ,  i .e . :  
~ -* 

(31) p a  
kd = Ire F-' e 

iTon (2)  r e v e a l s  t h e  impact P& on one f l o a t  of t h e  

V + E &  - twin-f l o a t  sez.plane a t  

( 3 2 )  2 
p a  = v &!& 'pa = 1 + "d Pe 

S x p r e s s i n g  v by i t s  mean v a l u e  of abou t  0.5'7, me 
h ev e : 

I .  
T h e  EagnLtude o f  wd depends on t h e  s i z e  of  t h e  sea- 

p l a s e  end t h e  type  of en la rgenen t .  For  t h e  Be inke l  9E3, 
Fa.3s t lz  neti lod y i e l d s  "& = 0.15. Eri largixg t k i S  Dlzne ky 
t h e  x o l r b a c h  net'nod, l e a v e s  nd unckanged, and 

o r ,  i n  o t h e r  w o r d s ,  t h e  t o t a l  f o r c e  of  impact  on t h e  s e a -  
p l a n e  i s  1 2 5  h i g h e r  t_;an on t h e  e q u i v a l e n t  f l y i n g  b o a t .  

A c c o r d i ~ g  t o  L z n c 3 e s t e r l s  net l iod w& i n c r e a s e s  w i t h  
t i le r o o t  o f  tl2e e n l a r g e a e n t  f a c t o r ;  t l i o  r a t i o  Pd/Pe $-em 
c r e e s e s  a13 approac'oes tkile l i T 3 i t  -ralue 0.5. 

P a2 
-3 2 'Oe P, = t a l  Y-v 

2 (1 + me) 
(34) 
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where 

and fo ' rmula (29 )  y i e l d s  f o r  a c e  f l o a t  o f  a t w i n - f l o a t  
t y p e  

cbd ? a2 
pa = t a n  X v 2  - 

2 (1 + 

:;here 

. _  = O S  094 a/be 
'Oe c = e  

oc 

( 3 5 )  

T h i s  foraula  i s  t o  t i e  e v a l u a t e d  for v a r i o u s  a/b, 
v?lv.c3s. Y i :*s t ,  :re a e n i n  use Pzbst's w d  = 0.15, a s  de-  
f i n e 5  c o r  t l i c  ;<s inke l  ZE8,  %e v d u e s  v = MWd/M,, have 
-5 c c :I lJ e v i 0-1: sl s c om?-1 t o (3.. 

-n 
d s  e f i lid 
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? o r  - a - - 4: 
be 

u .  = O b 5 3  

21 

0.15"" 1 + --- 3 

E i e s e  v a l u a s  a r e  a p p l i c a b l e  t o  l a r g e r  t y p e s  a l so ,  
p r o v i d i n g  t h e  e n l a r g e z e n t  f o l l o w s  Rohrbach ' s  method. I f ,  
on  t h e  o t h e r  hand ,  i t  f o l l o m s  L a n c h e s t o r ' s  n e t h o d ,  t h e n  
ne  Lave,  f o r  exaaTle:  ? o r  a = 20 'oecause 

wd = J - 2 0  X 0.15 =' 0.67 
- 

f o r  

f o r  

C o r  

V = 0.62 

1 + - - 3  *0.67 

1.67 
/ 2 x 0.62' - e- 0. 047  Pd - 

. *  

- 1  = 0.77 Pe,  

-2 = 0.59 

0.67 
2 X 0.59) 

\ 1 .57  ' 
1 +  - C* 034 ,' Pe = 0.75 ? e ,  I ----- Pd = e 

4: a -  
5 , -  v = G.53 

1 +I_--- 0.67 
/ 2 x 0 . 6 3 ~ ~  Pe = 0.54 Pes ?a = e-o' 376 ! '. 

1.67 

I t  i s  seen  t h a t  t h e  r a t i o  Pd/P, decTeases  a l so  m i t h  
i o ' c r e a s i n g  a/b,. 

A g e n e r a l  fo rmula  i s  o b t a i n e d  wh3n s u b s t i t u t f n g  mean 
a 
be 'v?Jlv-es (say u = 0.57 f o r  - = 1.5) i n  ( 3 9 )  f o r  u 

?*rid -- , and r e p l a c i n g  wd by pi-'? a, as ex- 2. 

be w %  Q n /  
21zdine& p r e v i o u s l y .  Th i s  would r e s u l t  I n  



22 

. .  Pe 1 ( 3 9 4  

L -I 

. Sinoe  P d / P e .  d e c r e a s e s  b:- i n c r e a s i n g  s u r f a c e  l o a d i g g ,  
and we do  n o t  i n t e n d  t o  presume f o r  p r a c t i c a l  p u r p o s e s  a 
f a s t e r  i n c r e a s e  . than  a c c o r d i n g  t o  Rohrbachl s method, t h e  
d e f i c e d  Pd/Pe v a l u e  mag be c o n s i d e r e d  as maximum f o r  
tyhis t ype  of e n l a r g e n e n t  . 

A s  A r e s u l t ,  Pd = 0.75 P, (40) 

na;r t h e r e f o r e  be c o n s i d e r e d  as a v e r y  rough ave rage  of 
P a b s t  s f oraula. 

According t o  t h i s  t h e  f o r c e  of impact f o r  t h e  twin- 
. f l o a t  t;rpe w i t h  IlVIl b o t t o m  would be about  50$ h i g h e r  t h a n  

f o ~  x: e q u i v a l e n t  s i n g l e  f l o a t ,  o r  fl:rriag b o a t  t ype .  

The s p p l i c a t i o n  o f  (19) t o  one f l o a t  of the '  t w i n -  
f l o e t  t y p e ,  a c c o r d i n g  t o  Kagner ' s  f o r m u l a  f o r  "Vl' b o t t o m s  
y i e l d s :  

C o n f o r z a 3 l S  t o  t h i s  forr;lula t h e  f o r c e  on i n p a c t  f o r  
t h e  t m i n - f l o a t  ty?e w o u l c ?  exceed  t h a t  of t h e  s i n g l e  f l o a t  
o r  f l y i x g  b o a t  t ype  by 427;. 

Eves though t h e  numer i ca l  r e s u l t s  o f  our  i n v e s t i g a -  
t i o n  f l u c t u a t e  Cons iCerably ,  i t  i s  n e v e r t h e l e s s  a p p a r e n t  

II v I1 t h a t  tile cl-ange from s i n g l e  t o  t w i n - f l o a t  tyTe w i t h  
bot tom i s  a c c o a p a n i e d  by a m a t e r i a l  i n c r e a s e  i n  impact .  
T h e  r e s ; s e c t i v e  s p e c i f i c a t i o n s  should be m o d i f i e d  f o r  ''V" 
bottom. According t o  pas t  e x p e r i m e n t s  t h e  r a t i o  of f o r c e  
o f  i n r a c t  i n  the twin-fleet t y p e  t o  t h a t  of t h e  s i n g l e -  
f l o ? , t  t:r-pe w i t h  sha rp  "VIf  b o t t o m s  seems t o  b e  about 1.5:1. 
Since  t'nis r a t i o  f o r  f l a t  b o t t o m s  d o e s  n o t  a2pea r  t o  d e v i -  
a t e  verzr nuch f r o n  1:1, s z a l l e r  k e e l  a n g l e s  shou ld  be  
g iven  a v a l u e  between 1:l and 1:1.5. 

A f e a t u r e  of  i n c i d e n t a l  i a t e r e s t  r e s u l t i n g  f r o m  t h i s  
i n v e s t i g a t i o n  i s  t3at whereas ,  by f l a t  b o t t o m s  t h e  t o t a l  
im-pact i s  s c a r c e l y  r educed  d u r i n g  t h e  change from twin- 



. 

. 

f l o a t ' t o  s i n ; l e - f l o a t  t y p e ,  rmch slay be g a i n e d  by t h i s  
s e a s c r e  w i t h  ::V" b o t t o n s .  

. .  
The s t r u c t u r a l  s p e c i f i c a t i o n s  i n  f o r c e  at tLe p r e s -  

e n t  d a t e , s t i p u l a t e  one-'uzlf - t h e  imgact  f o r c e  by one-s ided  
l a n d i n g  o f  a t w i n - f l o a t  sea2lzne  o f  tb.h p r e s c r i b e d  f o r  
s i x u l t a n e o u s  l a n d i n g  of bo th  f l o a t s .  

S i n c e  an e c c e n t r i c  impact depends on t h e  reduced mass 
and t h i s  i s  c o n t i n g e n t  upon t h e  mass i n e r t i a  moment and 
t h e  e c c e n t r i c i t y  o f  t h e  shock, and l a s t l y ,  s i n c e  t h e  l a t -  
t e r  v a r i e s  a 2 p r e c i a b l y  i n  t h e  d i f f e r e n t  s e a p l a n e s ,  i t  i s  
q u e s t i o n a b l e  whether such sweeping s p e c i f i c a t i o n  r e a l l y  
does  J u s t i c e  t o  p r a c t i c a l  c o n d i t i o n s .  Let  r be t h e  ec- 
c e n t r i c i t y  o f  t h e  impact  w i t h  r e s p e c t  t o  t h e  l o n g i t u d i n a l  
a x i s  o f  t h e  seap lane  ( f i g .  4) and i t h e  i n e r t i a , r a d i - u s .  
Then t h e  reduced  mass of s eap lane  i s  

( I n  t h i s  i n q - i i r y  i t  i s  assumed t h a t  t h e r e  i s  no e c c e n t r i c -  
i t y  w i t >  , r e s ? e c t  t o  t h e  l a t e r a l  a x i s . )  

The s i z e  o f  F/'T~ governs  I!; and c o n s e q u e n t l y ,  
t h e  e c c e n t r i c  im7act F. The g r e a t e r  t h e  e c c e n t r  c i  
t h e  s m a l l e r  tlie i n e r t i a  n o s e n t ,  t h e  g r e a t e r  i s  -v r 

2nd 

The i n e r t i a  noneilt i s  t h e  g r e a t e r  t h e  more t h e  mass of t h e  
s e q l a n c  i s  d e c e n t r a l i z e d .  

The a u t h o r  i n v e s t i g a t e d  t h e  p r a c t i c a l l y  ;? robable  con- 
d i t i o n s  ? o r  s e v e r a l  arrangements* ( l o a d s  c e n t r i c a l l y  ar- 
r a n g e d ,  l o a d s  c o n c e n t r i c  at  i s o l a t e d  p a r t s  o f  t h e  wing, 
loads e v e n l y  d i s t r i b u t e d  a long  d i f f e r e n t  p a r t s  of t h e  s p z n ) ,  
ail:? found t h a t  

-2 

1 
0.1 < = <  r 2 . 8 .  

-2 

1 

TLe r = 2.8 i s  ob ta ined  by c e n t r a l  l o a d i n g  and n i d e -  

l y  spaced f l o a t s .  

The p r a c 3 i c a l  l i m i t i n g  v a l u e s  of F2/Z2 y i e l d  approx- 
i m a t e l y  0.25 c T < 0.90. 

* T o  b e  p u b l i s h e d  l a t e r .  



I n  t h e  fol lowilzg we conpare e c c e n t r i c  impact  P 
w i t h  impact  Pa f o = .  r?. f1o : t t  of a t w i n - f l o a t  s e a p l a n e  by 
c e n t r i c  i q e c t ,  based  upon P a b s t  1 s and T a g n e r ' s  T o r m u l a s .  

In P a S s t l s  f o r m u l a  f o r  f l a t  b o t t o m s ,  we deno te  t h e  
qu,antity w i t h  r e s p e c t  t o  t h e  e c c e n t r i c  imgact  by an  over- 
l i n e ,  s o  t h a t  (2) r e v e a l s  

I-'- 

aa t  
cen 

i o  
t r  

Qcai i t i ty  mal7  be equa ted  t o  Ira i n  f i r s t  ap?roxi-  
2 ,  
IC i q a c t  t o  be n r o p o r t i o n a l  t o  t h e  c o r r e s 2 a n d i a g  i m -  

37 assu:zing t i le d e f l e c t i o n s  f o r  one-s ided  and 

p a c t  f o r c e s  p e r  f l o a t .  

Tiien (43) y i e l d s :  

. .  . .  
' I  I . .  , 

. .  . .  . .  . 
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x o r  Wd = 0.15, we f i n d :  

A -  

2. X 0.25 

and 
__-.I__-- 

f o r  wd = 0.67 
/------ 

and . 

f ; =  /,+o.,, 
4 i l +  2 x 0.90 

13d = 1.11 Pa.  
0.67 

I t  i s  seen t L a t  a 20-fold Lanches t e r  en largement  oc- 
c a s i o n s  a 1 5 5  d i s c r e p a n c y  n i t 2  t h e  s p e c i f i c a t i o n s  i n  t k e  
ex t reme case .*  S ince  s t r u c t u r a l  s ? e c i f i c a t i o n s ,  l i k e  t k i s  
i : i v e s t i f a t i o n ,  can po m o r e  than e x p r e s s  r o l : g h  approxime- 
t i o n s  o f  a c t u a l  c o x d i t i o n s ,  t h e  i n t e r p r e t a t i o n s  n e r e t o -  
f o r e  co l icern ing  one-sided i:2?act f o r  f l a t  f i o a t s  xax be 
c o n s i d e r e d  as c o r r e c t  accordiizg t o  t h e  I r e s e a t  s t a g e  of 
deve lopnon t .  O f  c o u r s e ,  f o r  vo ry  l a r g e  s e a 2 l a n c s  w i t h  
c o m p a r a t i v e l y  l i g h t  s u r f a c e  l o a d i n g  and an F ~ / z '  v a l u e  
a I2prec iab ly  d e v i a t i n g  f r o m  1 .0 ,  i t  i s  a d v i s a b l o  t o  d e f i n e  
t h e  enount of ono-sidod impact more a c c u r a t e l y .  

7 i t h  P a b s t ' s  formula f o r  IIV" b a t t o r n s ,  t he  T r o 5 l e n  
CEII 'oe s i m p l i f i e d  S y  asswaing t h e  d i r e c t i o n  o f  i n g a c t  i n t o  
t h e  s y n n e t r i c a l  p l a n e  o f  t he  f l o a t  n o t w i t h s t a n d i n g  t h e  
one-s ided  l a n d i n g .  A c a s e  i n  p o i n t  i s . w h e n  t h e  sep.plzile, 
w h i l e  l a n d i n g , .  e v i n c e s  n e i t h e r  an inc1i;ied s o s i t i o n  nor  a 
v e l ' b c i t y  com2oneat o u t s i d e  o f  i t s  p l a n e  of symmetry, and 

" 3 5 7  an a r b i t r a r y  Iiohrbach e n l a r g e n e n t  t h e  v a l u e s  Wd = 
-. .- -- -_-- -... --uc 

0.15 a r e  v a l i d .  
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when t h e  one-s idedness  o f  t h e  la ru l ing  impact i-s s o l e l y  due 
t o  t h e  f a c t  t h a t  one f l o a t  s t r i k e ' s  t h e  c r e s t  o f  a mave. 
I n  such c a s e s  me have ,  a c c o r d i n g  t o  (13) 

- 
and ,  as f o r  t h e  c a s e  of f l a t  bot toms 

O d  
Now co = c 

- w = 3  
27 

T h e r e f o r e ,  

* 
The = Pd v a l u e  i s  a g a i n  r e a c h e d ,  a c s o r d i n g  t o  t h e  

s > e c i f i c a t i o n s  i n  f o r c e ,  on ly  when T = 0.5, t h a t  i s ,  f o r  
F2 I;-> 

/ I  = 1, as i n  t h e  c a s e  of f l a t  bot toms.  

Xon n e  a g a i n ' i n t e r p r e t  (46) f o r  t h e  p r a c t i c a l  l i m i t -  
iiis v a l c e s  o f  T a:id for wd = 0.15 and ,  c o r r e s p o n d i n g  
t o  a 20-fold L a n c h e s t e r  e n l a r g e m e n t ,  f o r  wd = 0 .67 :  

For wd = (3.15, we f i n d :  

& 

2 X 0.25 

and 

f o r  md = 0.57 ,  ~ J B  Z ..ve: 

& 

2 X 0.25 . 
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and , 3 

+ O . 6 7 )  Pd = 1.81 Pa. 
F = (  1 +  0.67 1 

A *  
2 . x  0.90' , 

27 

Here marked d i s c r e p a n c i e s  (ove r  o r  unde r )  w i t h  t h e  ex- 
i s t i n g  d e s i g n  s p e c i f i c a t i o n s  may occur  as t h e  s i z e  o f  t h e  
seap lane  i n c r e a s e s .  ( F o r  example, by a 20-fold L a n c h e s t e r  
e n l a r g e n e n t  of t i le o r i g i n a l  t ype ,  t h e  e x c e s s  amounts t o  
El$!) Consequent ly ,  - a d m i t t i n g  t h e  v a l i d i t y  o f  P a b s t l  s 
fo rmula  - i t  i s  no t  c o r r e c t  t o  p r e s c r i b e  a c o n s t a x t  r a t i o  
o f  t h e  impact  f o r c e s  o c c u r r i c g  d u r i n g  c e n t r i c  and one- 
s i d e d  l a d i n g  on one f l o a t  ( h i t h e r t o  l ) ,  bu t  r a t h e r  t o  ex- 
p r e s s  t h e  load f a c t o r  f o r  t h e  one-sided im:,act as f u n c t i o n  
o f  t h e  enlargement  as  w e l l  as o f  L t s  type ,  o f  t h e  i n e r t i a  
moment end of t h e  e c c e n t r i c i t y .  Such a f o r m u l a  can be s e t  
up summarily by combining (46 )  w i t h  (15) and (16a ) ,  re -  
s p e c t i v e l y ,  by p z t t i n g .  

and 

i z t o  ( 4 5 ) .  Then we o 3 t a i n :  

i 
1 + 

and t h e  n o r e  g e n e r a l  fo rmula  

f P '> 3 

nd I 
(47)  

( 4 7 4  

I n  t h e s e  fo rmulas  t h e  q u a x t i t i e s  v, p ,  wd and na 
r e f e r  t o  t h e  small type,  i n  t h i s  c a s e  a t m i n - f l o a t  s e a g l a n e ,  
and 7 p e r t a i n s  t o  t h e  en la rged  e d i t i o n .  
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A s  a m a t t e r  of c o u r s e ,  one may proceed  by d e f i n i n g  
f i r s t  t'rie e f f e c t  o f  t h e  en1ar;ement - ? o r  t h e  c e n t r i c  l and-  
i n g  and t h e n  compu';.e froiil t;?e t h u s  o b t a i n e d  i n p a c t  Pd,  
t l ie  ili..pact by one-sided l a n d i n g .  

- 

I n  Wagner's f o r m u l a  f o r  ItV" b o t t o u s ,  we a g a i n  as- 
suxe t h e  impact d u r i n g  one-sid-ed l a n d i n g  t o  5 e  i n  t h e  
symmetr ical  p l a n e  o f  t h e  f l o a t ,  s o  that  ( 1 9 ) ,  (41)  and (42) 
y i e l d  

F o r  7 = 0.5, me a g a i n  have P = Pd, and f o r  t h e  
t w o  p r a c t i c a l  l i m i t i n g  v a l u e s  of 7 ,  we o b t a i n :  

F = 0.72 Pd 

o r  an  i x c r e a s e  i n  impact  up t o  3 5 $ ,  independent  of t h e  s i z e  
o f  tlie s e a p l a n e ,  ove r  t h e  h i t h e r t o  p r e v a i l i n g  s p e c i f i c a -  
t i o n .  

Sumrnary 

The f o r x x l a  f o r  t h e  impact  f a c t o r  of f l o a t s  must i n -  
c lude  the enlargement  f a c t o r  i t s e l f  as w e l l  as t h e  t y p e  
o f  e n l a r g e c e n t .  The l a t t e r  i s  p r e f c r a b l g  c h a r a c t e . r i z e d  
by  t h e  change  i n  s u r f a c e  l o a d i n g .  I t  i s  shown t h a t  t h e  
Bn1erge:ier.t of a. s m a l l  s eep lane  g e a e r a l l y  r e s u l t s  i n  a 
c'nu-ged f l o a t  ( o r  b o a t )  l o a d i n g  as w e l l  as  wing l o a d i n g .  

The c o n d i t i o n s  of s t a r t i n g  s t i p u l a t e  t h e  r e t e n t i o n  o f  
t h e  f l o a t  l o a d i n g  when chacging  f rom s i n g l e - f l o a t  ( b o a t )  
t o  t w i n - f l o a t  a r rangement .  TLis  c o n t i n g e n c y  i s  fo l lowed  
b y  an i n c r e a s e &  im?act f a c t o r  i n  t k e  t n i n - f l o a t  t y p e  
z-gainst  t h e  ot,herKi s e  e q u i v a l e n t  s i z g l e - f l o a t  t y p e .  

Tho f a p a c t  f a c t o r  i n  a one- s ide0  l a n d i n g  of  a t n i n -  
f l o a t  s e a p l e n e  i s  dependent  on t h s s q g a r e  of  t h e  r a t i o  : 
e c c e n t r i c i t g  t o  i n e r t i a  r a d i u s  r /T", whose g r a c t i c a l  
l ir l i i ts  a r e  0.i 2nd 2.8. I t  i s  o n l y  when F 2 / z  = 1, 
t ha t  t h e  e c c e n t r i c  i n p a c t  i s  half as h i g h  as  t h e  c e n t r i c ;  
o n l y  i n  t h i s  c a s e  d o  t h e  s p e c i f i c a t i o n s  c o r r e s p o n d  t o  Z C -  

f ~ a ?  c o n d i t i o n s .  Vhon 7 > 1 t h e  e c c e z t r i c  impact  i s  5" 

. 

. 
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2 
r F< 1, siaz.11 er , when 

t r i c  impact .  

i t  i s  g r e a t e r  thar, h a l f  t h e  cen- 

. 
I .  

8 

These fundnnen tn l  views a r c  i l l u s t r a t e d  by a p p l i c a t i o n  
t o  P n b s t ' s  and 177agner's d e r i v e d  i q a c t  formulas  n h i c h ,  os 
such, n r e  r , o t  c r i t i c i z e d ,  For e v a l u a t i o n  t w o  s 2 e c i a l  
t y p c s  of en largement  a r e  s c t  up as p r a c t i c a l  l i m i t s :  L2.n- 
c ' n e s t c r ' s  ne thod ,  by which t h e  s u r f a c e  l o a d i n g  i s  n o t  
d i s t - c r b c d ,  and Bohr%achl s L:othod, a c c o r d i x g  t o  whicb t h e  
l o z d i z g  i n c r e a s e s  as t h o  t h i r d  r o o t  o f  t h e  c a l a r g e n c x t  
f ~ ? c f u o r .  T3e r e s u l t s  of t h e  i n q u i r y  co r t f i rn  t h e  t h e o r y  fun-  
i "~ , r i cn tn l lg  znd l e d  t o  soac p r a c t i c a l  c o n c l u s i o n s  i n  s p i t e  
o f  t k o  a n c e r t a i n t y  o f  ind iv idua l .  a s s u n p t i o n s  and o f  con- 
s i d c r n b l e  d i  s c r o p m c i e s .  

I t  i s  seen  t%at L a n c h e s t e r l s  ne thod  i s  p r c f e r s b l c  f o r  
t h e  p u r p o s e  o f  l o n e r  i a p a c t  f a c t o r ,  and t b t  t h c  d c c r e a s e  
iii i i q a c t  i s  rmch g r e a t e r  f o r  I1V" t han  f o r  f l a t  b o t t o a s .  
B f u r t h e r  r c s u l t  i s  t h a t  t h e  r a t i o  of i a p a c t  f a c t o r  f o r  
f lat  bot toms t o  t h a t  w i t h  a s t a t e d  lIV1l shape ,  i s  d i f f e r -  
e n t  f o r  d i I ' f e r e n t  s e a p l a n e  s i z e s .  

Xiereas t h e  h i t h e r t o  p r e v a i l i n g  l o a d  s p e c i f i c a t i o n s  
gove rn ing  t h e  i a p a c t  o f  s i n g l e  and twin  f l o a t  t y p e s  w i t h  
f l 2 , t  b o t t o r n s  conform t o  a c t u a l  c o n d i t i o n s  i n  a c e r t a i n  
n e a s u r e ,  t 3 e  r e s p e c t i v e  s t i p u l a t i o n s ,  ES a p p l i e d  t o  '*V" 
b o t t o i i s ,  w o x l d  i a v e  t o  5 e  n o d i f i e d  t o  t h e  d e t r i m e n t  of tfne 
t w i n - l l o a t  o r  t o  t h e  advantage o f  the  s i n g l e - f l o a t  type .  

Tke s 3 e c i l i c a t i o n s  govern ing  t h e  one-sided impact a r e  
a l s o  j2,assably c o r r e c t  f o r  f l a t  So t toms ,  bu t  at t i m e s  seein 
t o  be t o o  f a v o r a 3 l e ;  at o t h e r  t i n e s ,  t o o  u n f a v o r a b l e  t o  
ItV1I b o t  t 0 3 s .  

I n s t e a d  o f  a g e n e r a l  s p e c i f i c a t i o n ,  t h e  amoxnt of t h e  
one-sfded i a p a c t  sl?ould p r e f e r a b l y  be d e f i n e d  f r o m  c a s e  
t o  c a s e  by m a n s  o f  t h e  seap lane  aass reduced  t o  t h e  s o i n t  
of i i q a c t .  

T r a n s l a t i o n  by J. V a n i e r ,  
N a t i o n a l  Advisory C o n s i t t e e  
f o r  Acrona-Jt ics .  
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Fig. 1 Dependence o f  impact factor on the enlargement 
f o r  f lat  bottoms. (Pabst formula) 
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Fig. 3 Dependence o f  impact factor  on the enlargement 
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Fig. 4 One-sided la la ing o f  a seaplane. 


